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GASFLOW: A Computational Mmtcl 10 Analyze Accidents in Nuclear
Conluinmcnt and Facility lluildinfs

J.R. Travis
Scicncc Applications Intcrnaliwml Corpwation

ILl). Nichols, 1’.1,. Wilson, K.1.am, J. W. Spore and G.F. Nicdcruucr
1.OSAlamos National Laboratory

AIISI’RA(:T

GASF1.OW is :i Ilnitc-volume computer ucxic ihiil solves the [iinc-d~peid~ll[, compmssJ}lc
Ntivicr-Smkcs cquntions for multiple ~ils spccics. ‘1’hcfluid-dyntimics algorithm is couplcci [u [hc
chcrnical kirw[ics of combuwing liquids or ~i~s~s10 simukuc diffusion or p~)pilgti[ing flilnl~s in
complex geometries of nuclear containment or confincmcru and facilities’ buildings. l;luid
mrbulcncc is Cikultitd 10 tmhimcc [hc trans~m A mixing of ~:ascsin rooms and volumes thul
may & conncctcd by n vcn[ilation systcm. ‘l-hc ventilation syslcm may consisl of cxmnsivc
duc[work, !iItcrs, dampers or valves, and fiins. (lmdcnsilticm i~nd hcut t.riinsfcr 10 Wiills, fhxws,
ccilin~:s, ilnd inlcrnill swucturcs am ~ill~ulilt(d 10 IINXICI [hc appmpriiltc crwrgy sinks. !%lid id
liquid ;Icrosol hchavior is simulated to give Ihc lime illd SpilCC inventory of radionuclidcs. ‘I”hc
solution procedure of [hc governing cqmuions is iI mdifiwi I ms Ali~[l~s KY {’d-Al .l+ methcaio!ogy.

Compkx filcilitics ~iln IX rcpre.scntd hy ~]~iirill~ ~(rnnputilti(]nid domnins (mul[iblwks) thilt
comnmnicntc through ovcrlnpping houndmy conditions. ‘Ilc ventilation systcm is supcrimlxxmd
throughou[ IIW multi hleck n~.sh, Clils nlixl wcs iiil(l :IW(MOIS iwc tfiinsptd thR@l lIIc fI_W t h~c-
dimunsimud vohmll!s illl(l the mstricuxl (tllc-tlillwrlsit)tltil vcnlila[ion componcn[s il~ the ilCCid~lll mu!
fluid flow fields evolve. (%11111wlion Illiiy ou’ur if suflicicnt fuel tind lUICtilllt or oxidizer illt
])IVSCIIIillld llilVL! illl ignition source. I]rcssurc il[~(l tkrnlill bids 011 the building,suwturnl
conl~xwnls,ill~l !iilfl?ly-R21:11Cd cquip[ncnt Cilll IX dclcnnincd for specific iKWidCll[SCCllWilM.

( iASI~ .OW Cill~.(lliiiiolls hiiv~ IXWI ~lti]ll)ii~(l wi[h Iiwgc oil-lxx)]fi~~[HIS in th~ 19X6 I II)R
(-olt[ilinm~lli test ‘1”52.14, which is i~ \(MH)k W I.irc cxprrimcn[. ‘lIll! ColllpUkd rCSllllS illt in g(XMl
ilglkYlllClll with IIIC’[dMWVIXl(Iillil.
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11. MATIIEMATICAL AND lBIIYSI(:A1. Mol)ltI, S

The time-depcndcn[. [llmc-dii~lcnsionill, comprcssihle Nuvicr-Smlics cquiuions urc the
conlplclc cquut ions of Inolion for GASFI .OW. An inwnud energy wansport c(luillion relates [IN
inlcrnul energy density to lhc work and energy cxch:mgc func[ions. Multiple spccics Lrimipor[
~llu~tiolls nlodcl [h~ l~lns~)r[ Or indiviljua] spcuics Ihrough [hc ~iis mix[urc. I’Iw sum of the
species triinsport equations is the totid fluid dtmsi[y conscrv:~iion cquti~ion. These cquntions, the
Niivicr-S[okcs equations, the intcrmd energy Cqui\iions , ild tlw summed spccics triinsporl
equations, express ik conscmwtion of momcnn.nn, energy, ilnd lllilSS, rcspcctivcly. llCy rCliltC
lhe dyn:~mics of the fluid to icmporal and spntiid influcnccs, such as. viscous s[rcss, body forw,
mrbuhmce, sm.wurnl ~sistil[lCC, liCilt triinsfcr, comlcnsiltion. ilnd coml)us[ion. GM mrhulcncc is

sindiihxl by either iitl illg~l)riiiC, s[lh-grid ~illC, 01 k-~ Mwlcnvc ndcl w ilh bll(lyilllCy pndllction

tcrnls.
The fini[c-volunw (iASl:l .(JW cwdu (.iill nNNIL*lct)mp]cx [llrcc-tlilllt’l~siol~ill gconwtrics.

Slruc[urcs or L’l)IllllilrtIllClllS L-ill] hm rcprcscnlcli ilv SCpilrillC C(\Illl)lllilliollili (iollliiill!i Ihilt
ColllllllllliCiUC lhn)ugh ovl!riilpping boundary conditions. il)w bet wccn conli):wtnwnts is possible
throtlgh l>nc-di[lwllsiollili vcn[ili][il)n systcm In(xkis. ‘i’llL’ V(!llliiillioll SyStCIll Illily IX supcrinqwscd
[Iwoughou[ IIW muitildock mesh, VCllliiilli(Jll SyStl’111 LY)lllpoIIL’lltS incluc.b filllS, dillllpCrS, illl(l
Iiilcrsm Ntiturih ,’nd forced convection Ill:ly bc In(dcicd in inllh the (MIC-dilllCllSiollid ductwork illl,l
Ihc ttl~c-(lillwllsi(lll:li conli)wlnnmls.

I ICiil trnnsfcr illl(l COIldCllSil[il)ll 011 WiliiS ilflfl surfims, SUL-ll ii!+, IlllLT1’lili slruuturcs. ilrc
CiilClllil[C(l IO III(XICi ilpi)~)})riiit~ clwgy sinks. A modi[kxi RcyIN)kh tinillo~y foI. hcii[ i~li(l miiss
trilnspofl to WiIllSilnd swuctm-cs il~.~oililts for IhCinllucmhr lh~ th~rmiil k>lln(lil~ lily~r Ilils on IhC
rill~!+ ld. hCilt triUISitr illlll 4WlldCIlSiltiOll,

( ‘ht:ll~i~.ill kim~[ics IN(MICiS ~01” conll)us[i~)n sinllliil[~ (Ii ffusi(m iln(l propilgi~ling fiillll~s in
Lx)nli)irx gconwtrics. A (mu .stci), ~iohi~i (h~llliL.ili kinc[i~-s IIMdL*i is often USC(I fl)r (Iiflusi(m Iluncs
iliw)iving hydro~cll {)r ily(lr(~ilrlN)ll fucis, ‘i’hih {wcriy simi)lil.ics the ilClllill L.ilCllliCili plom!ss,
wilich llilS Illillly illollm CilVllCll[ilry rl’il~tioll S[l’pS illlli ifltcllllc(liillc chcnlicni sixx.ics. ‘i”llL?UhCllliCili

K!il(.ti(}ll Iimc .Wilitm is, ht}wcvcr. very sh(m L.(}llli)illlli with Iluid (Iyllillllic moti{)ns illlll Il]l!illlillgflll
~qiil~t]lii[ioi~s(.iil~IX il~~i)iill)lidid usink [his simi)iilimi ch~l]lit-ili kinrti~csn~chnnism. .ll]~ rCiiCtil)l]
ril[(. ill IhC I’inilc rill~n(.hl.l]li~tili kinc[it.s ~ll(iil[io[)s is iINXiCiWl hy ii m(xliliml Arrhcnius iiiw Ihii[
ill.ll)lllllh Ii)r (111’1i(-illl [)r 1“111’iri~.h lnixlurcs.

Arn)st)l tl.iil~sl)~)[l III(I(iCIS (XMIll)III(~ III(. Iwhitvi[)r 01 i)illli~[liilt~ Il]il[[cr in IIW l~ils I1OW fkids.
‘ill(’Sl’ 011(” Wily ll)lli)i(’(i llNMi(’is Sillllliilll’ IIN. i)[)iy(lisi)rrsr Ir:msi).)rl, (il”ix)silii)ll, illl(l Cll[l.ilillllllWl {d”
(Iis(.wlc i)hil S(” i);lrtit. irs. .ill(’ ( iASII’i ,( )W siw~”i[”s[I;IIII.lII)rt ili(~~~l ill~) l“unc[ii)l~siis ii (x)miiluui])
pillIil.lr i)llilS1’ 11’:lllSi)(M”l ll)(Xi(’i,

Ill. ( ‘olll[)ll[Illiollill” hlofll’1



IV. APP1.lCAT1ON ‘I’() FIJI.1.-S(:AI.K FIRE EtXPl?RIM1tNTS

We have used GASI:I.OW m simulmc [hc Iargc oil-pool fire nxs in [hc I IDI? contninnwm.
For this simuliuion, inqmmm imight into verifying Ihc gcncml Navicr-S[okcs so]ulion idgori[hm
and the submodcls for ~ond~nsiiik)rl h~ill minsfcr, mrhulcncc, iind chemical kinetics il~ gained.

Thc HDR cxpcrirncnu.d con[ilinmcnt building is 60 m high id 20 m in diiinw[cr with it free

volume of 1 13(N) m3 in iihll 70 inmrconncclcd ]lilSSii~CWilyS and compimmcntsm TOlill intuior
steel surfiice iIrcsI is in excess of 30(X)() mz. “1’hcIoctilion of the oil-pool fires is between the 25-m
and 30.115-m Ievcls (mcmumd from ground Ievcl) of [hc containmcn[. Fires of 2000, 3(X.X), and
4(M) kW were burned over 30- m 35-rein periods. Wc hiivc calculated test 7’52.14, whic$ is the
3000-kW experiment. By continuously weighing Ihc oil pan, the rate of combustion of the
hydrocilrbon fuel WiIS dctcrmincd. Roughly 120 kg of fuel were consumed during lIw 35-rein
Cxpcri:lwnt.

Iixperirncntid lllCilSUrl!lllL? lllS wrrc cxtcnsivc; continuous nmnit(wing (}f (Y~, (~, illl(l I 120
c(mccnlrulions, vclorilics, ill’ltl unnpcr:uurcs inside. cnmring, illld exiting, llw burn L’(Mll~ilIllllCllt ilS
well as throughout thc ~ol][i~i mncn[ hsclf were rwordcd during [hc cmirc cxpcrimcmal scqucncc. A
horbx)n[id rmtcr or grid consisting of ii 5 x 5 Iiilth of mci~suring dcviccs wtis ll~iilcd ilt three
scpimltc lCVl!lS ilhOVC the fireICVCI.onc ill [hc 25.5-111 Icvcl is near the fresh tiir inlet of Ihc
mounling hu[ch compiwt recut, which is con ncctcd to Ihc combustion conlpilrtmcnl by il door.
Another at the 3 I-m Icvcl is at the Iop of Ihc mounting hil~~hcomparmwnt iII [hc cn[rilncc intu Ihc
dlmw iir~it. “I-INrils[~r tit Ilw .lH-nl Icvcl is inside the contilinrncnt mmc. In iddi[il~n, video
~.ii]n~riis WtXC ft~u~d (}11k~y ii~ils of IhC~(]ntilin[l~n[. MOrC dcmils of [!w cxpcrimcn[ iild th~ diitil
ilcquisilion systwns is fm.md in Rcf, 7.

!n gcncrid, 1114!CXpCliIllCntill rcsulls show [hill comhuslicm occurs in the fire compar[mcm,
forming il 1101IilyCrnmsisling of combustion producls, nilrogcn, illld CXCCSSOxygen (lhc hurling
(K”cwrs in illl (Jxygcn .rirh cnvir[mmcnl). There is illl cxccplion [0 [his tNhilViOr ~ilrly in llw
cxpcrinwnt (.!- 12 Inin!. wlwn ils ii result {J~.[hc fAllii~.k of cmllms[imi products into [hc burn
~MMN, [h~ comlmtion pnmss is fll~l rich iin(l flilsh~)v~r (wcurs with [h~ flilmC sp~idin~ into thc
ildjoillillg nwunling tiill~ll L’olllllilllllWIll.

Sine-c IhC I]lilss- humin:: r;ltc is kIIOWIl, ii is used :IS ii Iniiss iind energy SOUIIX for [h~ II ICI
spccics illlll L’l)C~gy Ll)llSl”rVil[ioll ClllIil[i(MIS, rcspcclivcly, of IIIC llUllllTiL’ill I1llMICI. This hllilSS illl(l
rncrgy ~Uul s[mrur is dis[rilwlcd uniftmnly ill lhc L.oll)l)ll[illiollill” cells OVCrlilyill:: Ihc phySiCill
hK”ilth)ll of Ih(! Oil I)illl. .Il)c C(mpllll!d ~il!i [clllpcriilum Iimc histories frolll Ilwatitms ill lhc to]) of
1111=rtmdmstitm Ilnllll :111[1llCilr 111(’ top 01 11)1’ (I(mrw;ly IxmlwCCll Ihc umlhusli(m r(mm illlll Ihl’
m)unling Ililti”ll ill~ ill CX(’l”llrlll ilj:l”llmllllmlll will] lhL’ cXIJcrilllClltill Vi\lUCS. ‘Ilis illdil’iltl*S [1]:11 Ihr
OVIV’illl cnrr~y ll’ll”il Sl’(1 Ill 111(’ (xunl)uslio[l pnwcss is Ill(dl”l(’11 il(ll’lllIiltCl~. (’(Mllpill’iSollS IX. IWCCII
~il!i l’i)llL’l!lltl’ill iollS ill !hl” IIIJIWI’Iliithllc pmilitm in IIW hum rcxm dlwr Indic’ilw gtl(nl il~lV1’lllClll.
‘1.IIL’ iil.(11~1~.killl(l f’lildlo Vrl [1(’11(!S ill’(’ (.;111[111’(’(1Willl S{)1111”lkm~!lW 01 ilCL.ll~ilC’y; h{)WlmVCr, tll~ CXilL I
pr(dul.litm 01”( ‘( )? is (Ill’hy ,1s 111111’11;Is5(1’fiIllurinx [Ill’ flilSh(W1’r Cvrll[ (4 I 2 rein) illl(l l’{Nl@ly

l{) IS(% durin~ IIK n](m. 01” 11’SS Sl~il(ly (x~llllwsli(}ll pr[wcss ( I 2 .15 Illili). (’olll’l”lllrilli {}ll
lll(”;lslll~lll~ ills nrr il V[’1’\’ uwsllivc SIilll(ljll”(l Ik}l’ ;isscssing lh~ l’oinl)usti{)ll IINUICI. illl(l. in Ibis C;ISC,
[hr si’l@ {m- sIrp ~.h[’ltli(vll klm.[its IIMXIL*IL.[MIltlIN. nltmlil”iwl.

“1’h~”1(’IIIIKI”;IIIIIL. lllCil!illl’(’lll~ ill\ 1“1’{)111IIlc lhrrr pid llR.:l[i{)llS wrrr (X)llll)ill(”ll wi[ll lh(’
LX MI1[NIIHI ll”llll)lmrill lll’(’\ ;11 lh~%~ 111(. illi{)llh. .1’11(”Imwr ;1125.5 Ill (’(lrlVSiMMl(lS [(1 111[’l.rrStl ilir inlvl II)
Ihl’ ntimtllin~ Ililtl.11 (’IIIIII);lI II I1(’111. ‘Ilww 111(.nsulvllmls sh{)w il smmg tcllqwr:ltuw dislrihllli[m itl
this Ivyi{m. (.sl~(.iiilly tlllrinj: IIIr to;IIly lMrI (Ii) S[ I() mill) {d. [INScxpcrimrn[. ll~~iiti~ td [ht. Iiit.k [II’

s[xlli:ll rrsldhli~m. Ill{” (’NI(’III; II I(III IN 111)1 illll[’ 10 l’(.\~dv(. [his [Iislrilmli[vl, hut Imvlills nl(nv of illl

ilvt.riij!tm (l II I”IIIjI, II II\ (-iIIl~ II II I(i. Al I;IILQI[ill]~’~, [lNmt.:11~.til:l[[~iliis t}ii [IN- hlj!h (xl]:l- td”[lit- [(’ll~ln.rii[~ll~
(Iislrllwll(ul rtlvrl(qw, I ll~tv(’vt”l, (.tul ,ltlt.rln~: IIlr Nl};lli:ll r(m~llllilm illll! IIl(h txmlplrxi[y (d Ih’
I.(slllil llllll(’lll IlltW’ I);llll!., W’!” (.lltl\i(lrl1111S (-ll,,ll)ill”i Still [{) 1)(’ il(.(.l”lllill)ll’ illltl ill I;lir til ~!”MMi
il~’l\Y’111(’111 wilh III(’ (- AI)!. I Illlt”lll;ll (Iillil.

l;l)l111(”1“:1S1(.1;11 II Ill.WIN’IC Ill(m111(”pllllll~ Clllrt:$ [11(”th}llh: 11”0111111(’Ilntllnlini: Ilill(.11
(“{} II II); II II IICIII, 111[’ t.;lllv 1111)(.I) IWIWI :111!! (XMIIIJIIIHI lrriIlw Ii IIIIIrs SIKIVU III;II III(. tlhl~illlulll
Irlllprlnllllt” III NIMIIII :“\(! [ ‘ II~X”III\ WIIII ll;i~hiw~ti iI\ IIw I1;IIIIC rxlrml~ lli~!h illltt hr Il]tullllin}:



ha[ch ~o[npiirtmtnt. .4t NXXII 12 min. the comhuslion cvcnl occurs Iargcly within dw burn room.
Thc obscrvti tempcrwum tkops LOi~hllt 160 C ilnd griiduall y rises in [imc to 225 C Jus[ kfom llw
end of combustion. ‘1’lw uom;wtcd [cmpcr:iturcs drop iit 12 rein, but nol as much us those
observti. 1Iowcvcr, lhc computed iClllpCril[ilrCs ilrc only S1ight Iy high fmm iibu[ 20 min to the
cnd of comhus[ion.

The ~~slcr w th~ ~~-m ICVC] ln~ilsurcs IhC [cmpr:llu~s in the ho[-~iis plume. ‘l?wrc is a
large obsmwcd [mnpcritturc gradicnl across [his plume. l“hc citlculated tilnc histories i~rt in
exccllcnt agrecmcnl w 9 rein, reaching the maximum value N [hc corrcc[ [ime. An ohscrwd Ioeid
minimum wcurs at 1I-12 min und the [cnqxratums rccovcr m nciu their maximum values by the
cnd of the experiment. The computed mmpcrmurcs, however, continue declining af[er the initial
peak values. This is ilttributcd 10 the fil~t thil[ Ihc iilgcbriii~ turhulcncc model used in [his
calculation prornoks far too much mixing ml cold gmes we cntmincd into the plume during this
period, [bus sprcnding the tcmpcraturc prolllc Iwyontl the ohscrwmdplume wid~h. In w-idilion, [hc
donor-cell udvection suhcmc implcmcntcd for this sinltllillio[~ is known to hc diffusive, ilnd,
thcrcforc, tl(lln~ri~.iil diffusifm lxm[rilmtcs U) [his cffm.[.

V. SUMMARY

Using [he GASII’I .OW field ~(]uiltion m(xkl coupled with Iinitc-rite glohnl ~h~[]li~ill
kinclics, we succcssfu]ly i]i]i~ly~d hydmgcIl ilnd hydrcxxwlmn diffusion fliill)~s wcurring h iI
nuclctir ~iiCtoI” conrninmcnl under il~~hht conditions. ‘Ilwsc combustion modes i~n. [hc c:lsicsl 10
m(dd and iini~l~~~ when ~oml)ild with ohm IIN)dCS of combustion, SIIChiis proptiguling lliiin~s in
prcrnixcd fuclhxidizcr volumes.

Ovcrill, with simplified (hni~id kinclics nwhimisms iind rillhcr coar.scspa[iid rcso]ut ion,
[Iw ~ili~tll~[d IVSUIIS il~s in fnirly g(Nxl ii~~~In~Ilt with [hc Ol~SUWW!diltil. Wh~ll fluid (lynilnli~s
~ff~~t S do[llillillt! IIIC ilIlillySi S wi[h 111X ]dllIllCSillll{L!OIlll)lCX U)IIVL!CI ivc CilUllillioll pilllCrllS, (MIC Cilll
oft~il IX su~~~ssftll ~:il~il]ii[ing diffusion- type Ililmcs with simple comhusiion IllodCIS thilt liiiv~
IX*IICillilXWXl 10 l_CICilSL’[IIC corrw illlN)Ulll of hCilt (IIIC 10 IIIC comhuslinn l)IIKYSS.
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